AIMS: We aimed to assess the uptake of non-vitamin K antagonist oral anticoagulants (NOACs) among patients with atrial fibrillation between 2010 and 2015 in Switzerland.
Introduction
Atrial fibrillation is the most common cardiac arrhythmia in the general population [1] and affected patients face an increased risk of stroke, heart failure, cognitive decline and death [2] [3] [4] [5] . Thus, treatments reducing the risk of these complications will have a substantial public health impact. One of the few therapies in this context is oral anticoagulation (OAC) for stroke prevention in atrial fibrillation patients with additional cardiovascular risk factors. Vitamin K antagonists (VKAs) reduce the risk of stroke by 64% compared with placebo [6] , but are cumbersome to use and associated with an increased risk of major bleeding. Non-VKA oral anticoagulants (NOACs) are much easier to use, and at least as effective and at least as safe as VKA treatment [7] [8] [9] [10] . Accordingly, these treatments have been approved for stroke prevention in many countries worldwide, and are the preferred treatment strategy in current European guidelines [11] . However, few data are available about the uptake of NOACs in clinical practice and whether there are patient characteristics associated with a preferential switch from VKA to NOAC treatment. One study, performed between 2010 and 2013, showed that NOACs accounted for up to 62% of new prescriptions for patients with recently diagnosed nonvalvular atrial fibrillation, and that female sex, lower income, higher haemorrhagic risk according to the HAS-BLED score and higher CHA2DS2-VASc score were associated with lower odds of receiving a NOAC [12] . However, this study had no prospective follow-up, considered only de novo anticoagulation and provided no data on switching from VKA to NOAC therapy. Aspirin is less effective for stroke prevention in atrial fibrillation patients than standard OAC [6] . Studies comparing apixaban with low-dose aspirin in atrial fibrillation patients demonstrated clear superiority and similar safety in favour of apixaban treatment [13] . Accordingly, current European guidelines discourage the use of low-dose aspirin for stroke prevention in patients with atrial fibrillation, and NOACs may help to reduce the high prescription of aspirin in contemporary atrial fibrillation patients [11] . In this context, we assessed the uptake of NOACs in a large, prospective and unselected cohort of patients with atrial fibrillation, evaluated frequency of and predictors for a switch from VKA to NOAC therapy, and assessed whether the prevalence of aspirin monotherapy has changed over time.
Methods

Study design
The Basel Atrial Fibrillation Cohort Study (BEAT-AF) is a prospective observational, multicentre cohort study. Between 2010 and 2014, 1550 patients with atrial fibrillation documented on an electrocardiogram (ECG) or rhythm strip were enrolled across seven centres in Switzerland. Participating centres are the University Hospital Basel, Kantonsspital St. Gallen, Kantonsspital Luzern, Regional Hospital Lugano, Regional Hospital Bellinzona, University Hospital Lausanne (CHUV) and University Hospital Geneva (HUG). Patients were recruited from in-and outpatient clinics. We strongly encouraged all centres to comprehensively screen patients in in-and outpatient clinics and to include consecutive patients. The enrolment of patients with acute illnesses was postponed until their health status had stabilised. Exclusion criteria were the inability to sign informed consent and the presence of short, transient forms of atrial fibrillation. For the purpose of this study, we excluded five (0.3%) patients because of missing information on medical therapy at baseline, such that 1545 patients remained in the current analysis. The study protocol was approved by the local ethics committees, and informed written consent was obtained from each participant.
Assessments
At baseline, patients in collaboration with trained study persons completed detailed questionnaires about personal, medical, nutritional and lifestyle factors, current atrial fibrillation symptoms, and comorbidities. Information on current medications was also recorded, including details about OAC and antiplatelet treatment. Body mass index (BMI) was calculated as weight in kg divided by height in metres squared. All patients underwent venous blood sampling at the local study centre. Glomerular filtration rate (GFR) was calculated with the CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) formula. All patients were followed up yearly with mailed questionnaires and phone interviews in order to collect similar information to that recorded at baseline. Medication intake was updated at all yearly follow-up visits. For the present analysis, data of all completed follow-up visits that were available at the time of data export in August 2015 were used. At that time, a total of 57 (3.7%) drop outs and 14 (0.9%) patients lost to follow-up were registered. Stroke risk was categorised using the CHA2DS2-VASc score as recommended by current guidelines [11] . Specifically, one point was scored for a history of congestive heart failure, hypertension, diabetes, vascular disease, age between 65 and 74 years and female sex, and two points for a history of stroke or transient ischaemic attack or an age ≥75 years. For the purpose of this study, men with a CHA2DS2-VASc score of 1 or higher and women with a CHA2DS2-VASc score of 2 or higher were considered to have an indication for OAC [11] .
Statistical analysis
Categorical variables are presented as numbers (percentages) and continuous variables are expressed as means ± standard deviation. Prevalence and type of antithrombotic treatment over time were plotted by calendar year in which the corresponding visit occurred. OAC according to CHA2DS2-VASc score and differences in anticoagulation over time were compared with standard chi-square tests. In order to evaluate independent predictors of a switch from VKA to NOAC treatment, we performed multivariable logistic regression analyses adjusting for a predefined set of covariates, including age, sex, GFR, BMI, atrial fibrillation type (paroxysmal vs nonparoxysmal), diabetes mellitus, history of heart failure and history coronary heart disease. All statistical analyses were performed using SAS 9.4 (SAS Corporation, Cary, North Carolina, USA).
Results
Baseline characteristics are presented in table 1. Women represented 29.5% of the study population, mean age was 68 ± 11 years and BMI was 27 ± 4 kg/m 2 ; 55.7% of patients had paroxysmal atrial fibrillation and 73% were on OAC. The mean heart rate was 71 ± 18 beats per minute and the mean systolic blood pressure 134 ± 20 mm Hg. Most of the patients did not have recent-onset atrial fibrillation. The mean period between first atrial fibrillation diagnosis and the baseline visit was 14 ± 9 months. 
CHA2DS2-VASc score and oral anticoagulation at baseline
Between 2010 and 2015, a total of 161, 449, 871, 1309, 1268 and 806 study visits with complete anticoagulation data available were performed in each calendar year, respectively. Table 2 shows the prevalence of the CHA2DS2-VASc risk factors at the baseline visit. The most common risk factors were hypertension (67.6%) and age (67.1% being ≥65 years). As presented in figure 1 , 74.9% participants had a CHA2DS2-VASc score of at least 2. A total of 86.9% of the participants (85.1% men, 91% women) had an indication for OAC based on the criteria specified above. The prevalence of OAC increased with increasing CHA2DS2-VASc score, as shown in figure 2. Whereas 28% of patients with a CHA2DS2-VASc score of 0 were anticoagulated, this number increased to 65.3% among those with a score of 1 or 2 and to 85.8% among those with a score >2 (p <0.0001). 
Prevalence of oral anticoagulation over time
Aspirin
The use of low-dose aspirin as a monotherapy significantly decreased over time, as demonstrated in figure 5 . In 2010, 23% of the study participants had monotherapy with aspirin, and this proportion decreased to 10.5% in 2015 (p <0.0001). 
Switch in antithrombotic treatment
We excluded 83 patients on VKAs at baseline and 22 on NOACs at baseline from the switch analyses because of missing follow-up data. Most patients stayed on the same type of OAC during follow-up (76% of those on a VKA and 77% of those on an NOAC). Out of 888 patients who received VKA treatment at baseline, 86 (9.7%) were switched to an NOAC during followup, as shown in figure 6 . Among the 136 patients taking an NOAC at the baseline visit, 4 (2.9%) were switched to VKA therapy. 0.02 AF = atrial fibrillation; BMI = body mass index; CI = confidence interval; GFR = glomerular filtration rate; OR = odds ratio p-values were based on logistic regression, models were adjusted for sex, GFR (over/below 60ml/min), BMI, AF type (paroxysmal/nonparoxysmal), diabetes mellitus, heart failure, coronary heart disease (myocardial infarction or percutaneous transluminal coronary angioplasty or aortocoronary bypass) and age
Discussion
In this large prospective study of patients with documented atrial fibrillation, several important findings were observed. First, prevalence of OAC use was high at baseline and nonsignificantly increased during follow-up. Second, a steady increase of NOAC use was observed from the period prior to regulatory approval until 2015, when approximately 30% of anticoagulated patients received NOAC treatment. Third, whereas most patients stayed on their initial form of OAC, the use of low-dose aspirin monotherapy significantly decreased. Finally, no strong predictors for switching from VKA to NOAC therapy over time emerged from this study. Prior studies suggested a low prevalence of OAC among atrial fibrillation patients with additional risk factors for stroke, even in highly developed countries [14, 15] . In contrast, our study documented a high use of OAC before and after the introduction of NOACs. There are inconsistent data on whether the introduction of NOACs has helped to reduce the number of atrial fibrillation patients who do not receive OAC. Two different studies regarding the specific adoption of dabigatran presented a rapid uptake without evidence for increased overall anticoagulation [16, 17] , whereas a more recent study showed that the availability of NOACs has been associated with an increased use of OAC [18] . The higher rate of OAC in Switzerland compared with other healthcare settings could result from a better implementation, but we cannot completely exclude some selection bias of our cohort, as most of the patient recruitment took part in large hospital centres with potentially higher guideline adherence. There has been a steady increase of NOAC use during the last 5 years. Our study has the advantage of directly assessing the transition period before and after regulatory approval of NOACs. Most published studies were conducted during the first years after approval of the new agents. In the transition period between 2011 and 2013, the OAC distribution pattern in our cohort is in line to other western European countries [19, 20] . Studies that focused on atrial fibrillation newly diagnosed after NOAC approval reported a higher proportion of NOAC use [12, 17, 21] , which is in line with our study showing that patients on VKA treatment are relatively rarely switched to NOAC therapy. We observed a steady decrease of low-dose aspirin monotherapy from 23.0% in 2010 to 10.5% in 2015. This trend is highly encouraging, given that low-dose aspirin is less effective in reducing stroke among atrial fibrillation patients and that the bleeding risk may be similar to that of NOAC therapy [6, 22] . In contrast, a recent cross-sectional registry from the United States showed that more than 25% of atrial fibrillation patients still received aspirin treatment without OAC [23] . The fact that current European, but not American, guidelines strongly discourage aspirin monotherapy may be one reason why its use may still be higher in the United States [11, 24] . Overall, the availability of NOAC therapy as a safe and easy-to-use alternative to VKA treatment may also help to reduce the prescription of aspirin in this context. Despite the continuous reduction, one out of ten patients still received aspirin monotherapy in 2015. Increased efforts are therefore needed to further improve adherence to guideline-directed management of patients with atrial fibrillation. Patients on a VKA who could benefit from a switch to an NO-AC are those with poor control of the prothrombin time international normalised ratio (INR) [25, 26] and those with a history of stroke or transient ischaemic attack [25] . Additional appropriate candidates are patients at higher risk for (intracranial) bleeding [25, 26] . Real world data show that switching from VKAs to NOACs is safe [27] . However, in contrast to the preferential recommendation to use NOACs in new-onset atrial fibrillation, current guidelines recommend a switch to NOACs only in patients with a poorly controlled INR, unable to attend monitoring visits, or those who had adverse side effects on VKA treatment [11, 28] . In our study, few patients were switched from VKA to NOAC therapy, and a higher BMI and younger age were significantly associated with a higher likelihood to be switched to NOACs. However, the switching group seems to be heterogeneous, as the significance of these predictors was relatively modest. More studies with larger sample sizes are needed to evaluate which patients should be switched from VKA to NOAC therapy. Main strengths of this study are the large sample size of an unselected and well-characterised atrial fibrillation population. Furthermore the study period encompassed the time just before and after approval of NOAC agents. Some limitations need to be taken into account in the interpretation of our findings. As a result of the observational study design we are not able to prove any causality. The generalisability of our findings to other care settings is unknown, particularly to those where the prescription of NOACs is restricted. Furthermore, we cannot exclude some selection bias as most of our patients were recruited at large hospitals, and those patients who are exclusively treated in medical general practices might therefore be underrepresented. However, to minimise selection bias we strongly encouraged all centres to consecutively screen and enrol eligible patients. Finally, the group of patients who were switched from VKA to NOAC treatment was relatively small, and our analysis may have lacked power to identify more modest predictors.
In conclusion, the rate of OAC use in eligible patients in Switzerland is high and the proportion treated with NOACs is steadily increasing. One of the most important findings is that switching is infrequent, as the majority of patients remained on VKA treatment during prospective follow-up. Given the strong data for safety and efficacy of NOACs, future efforts may therefore be directed to switching from VKA to NOACs in appropriate patients. Importantly, the prescription of aspirin as a monotherapy was more than halved within recent years, suggesting important guideline concordant improvements in OAC use among patients with atrial fibrillation in Switzerland.
